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Transmitted herewith for filing is the utility patent application of Inventors: 



ESS FOR PRODUCING VITAMIN D 3 AND PREVITAMIN D 3 

The application has 12 pages (including claim pages, attached declaration and 
power of attorney, and abstract). 

2 sheets of drawing are enclosed. The drawings are: 

[ ] formal; or 

[x] informal; formal drawings will be submitted in due course. 

The declaration and power of attorney 

[x] has been executed by all the inventors; or 

[ ] has not been executed by all the inventors. A signed declaration and 
power of attorney will be submitted in due course. 

An associate power of attorney is enclosed. 

An assignment of the invention to and a Recordation Form Cover are 

enclosed. Please record the Assignment and return it to the undersigned. A 
duplicate copy of this paper is enclosed. 

[ ] A check for $ to cover the recording fee is enclosed. See paragraph 

lO.c, below. 

[ ] Please charge the recording fee to our Deposit Account No. 02-4467. A 
duplicate copy of this paper is enclosed. 

Priority is hereby claimed under 35 USC §119 based on Appln. No. 981 1 1490.3, 
filed June 23, 1998, in Europe. 

[ ] A certified copy of each of the priority documents is enclosed, 
[x] The certified priority document(s) will follow. 



MONIKA JOHANNSEN 



NY01DOCS/217242.01 



7. [ ] A verified statement to establish small entity status under 37 CFR Section 1 .9 and 
37 CFR Section 1.27 is enclosed. 



8. [x] The filing fee is calculated below. 



For 


L-Ol. 1 JMO. 

Filed 




Col. 2 No. 
Extra 


Small Entity 
Rate Fee 


or 


Other Than A 
Small Entitv 
Rate Fee 


Basic Fee: 








$ 380 


or 


$ 760 


Total Claims: 


6-20= 


X 


0 


x9= 


or 


xl8= 


Indep. Claims 


1-3= 


X 


0 


x39= 


or 


x78= 


[ ] Multiple 
Dependent 
Claims Presented 








+ 130 = 


or 


+ 260 = 


Total: $760 



*If the difference in Col. 1 is less than zero, enter "0" in Col. 2. 



a. [x] A check for $760 to cover the filing fee is enclosed. See paragraph 1 0a 
and lOd, below. 



b. [] Please charge Deposit Account No. 02-4467 in the amount of $ .A 

duplicate copy of this paper is enclosed. 

9. [ ] A Preliminary Amendment is enclosed. 

a. [ ] No additional fee is due. 

b. [ ] A check in the amount of $ to cover the cost of additional claims is 

enclosed. See paragraph 10.a., below. 

c [ ] Please charge our Deposit Account 02-4467 in the amount of $ . A 

duplicate copy of this paper is enclosed. 

10. [x] The Commissioner is hereby authorized to charge payment of the following fees 

associated with this application or with recording any Assignment concerning it, 
or to credit any overpayment, to Deposit Account No. 02-4467, unless otherwise 
paid by check. 

a. [x] If our check is missing or otherwise insufficient, or if any additional fees 
are required, the Commissioner is authorized to charge (or credit any 
overpayment) to Deposit Account No. 02-4467. A duplicate copy of this 
paper is enclosed. 
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b. [x] Any additional filing or other fees required under 37 CFR Section 1.16, 

including any fees for presentation of extra claims. 

c. [x] Any patent application processing fees under 37 CFR Section 1.17. 

d. [x] Any additional Assignment recording fees under 37 CFR Section 1 .2 1(h). 

Note: See 37 CFR ' 1.31 1(b) regarding authorization to pay the issue fee from deposit 
account. 

11. [ ] An Information Disclosure Statement is enclosed. 



Respectfully submitted, 




Registration No. 39,401 
BRYAN CAVE LLP 
245 Park Avenue 

New York, New York 1 0 1 67-0034 
(212) 692-1800 
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Express Mail Label No. EM036754440US 



Case Docket 20164 
Process for Producing Vitamin D 3 and Previtamin D 3 
Summary 

The invention relates to a process for the production of vitamin D3 or previtamin D3 
5 from mixtures with other components, e.g., dehydrocholesterol, tachysterol and lumisterol, by 
column chromatography. 

Background of the Invention 

The D vitamins are biologically active substances that are essential for the regulation of 
calcium metabolism in higher animals. The various D vitamins differ by the nature of the side 

10 chain. The most important members in practice are vitamin D2 (ergocalciferol) and vitamin 
D3 (cholecalciferol). D previtamins are widely distributed in higher animals and plants. A 
sufficient photo-activation of previtamin D3 occurs by UV irradiation. Historically, vitamin 
D3 is also known as the anti- rickets vitamin. In our latitudes, rickets today is usually due not 
to previtamin deficiency, but to sunlight deficiency. Today, the industrial production of the D 

15 vitamins is carried out by the conversion of natural precursors, which are related to 
cholesterol. 

Vitamin D3 is insoluble in water, difficultly soluble in fatty oils and has good solubility 
in ethanol, chloroform, ether and acetone. Vitamin D3 is sensitive to light, air, heat and acid. 
The melting point of vitamin D3 lies in the range from 84 to 87°C. The solubility of D 

20 vitamins in supercritical or subcritical fluids, e.g. in supercritical CO2 in the temperature range 
from 40 to 60°C and a pressure range from 20 to 35 MPa, is known from the literature. The 
industrial process for the synthesis of vitamin D3 is based on the irradiation of 7- 
dehydrocholesterol (DHC), which is produced from cholesterol. DHC is converted by 
irradiation into previtamin D3 and this is isomerized to vitamin D3 by gentle heating. 

25 Moreover, lumisterol and tachysterol are formed when DHC is irradiated. The yield of 
previtamin D3 and consequently of vitamin D3 depends essentially on the irradiation 
conditions. 



Various processes are usual for the purification of the mother liquor at the conclusion 
of the irradiation. Thus, e.g., hitherto the undesired tachysterol has been converted using a 
Diels-Alder reaction into a tachysterol di-K salt adduct and the latter has subsequently been 
separated. 

The conventional process has a number of disadvantages. The yield is limited by the 
state of equilibrium in the irradiation reaction. The performance of the Diels-Alder reaction 
requires additional chemicals and does not give a complete yield of vitamin D3 or previtamin 
D3 based on the crude product. Purification to crystalline grade requires additional reactions 
using chemicals such as pyridine and butyryl chloride, with again no complete reaction taking 
place. To sum up, therefore, there are losses of the valuable product. 

The object of the invention is to avoid these disadvantages in the production of 
previtamin or vitamin D3 from an isomer mixture of the kind formed, e.g., when using the 
irradiation process. 

This is achieved in accordance with the invention by separating the vitamin or 
previtamin D3 from the mixture by column chromatography. 

Preferably, supercritical or liquid carbon dioxide with the addition of a polar modifier, 
e.g., ethanol, is used as the mobile phase and optionally modified silica gel is used as the 
stationary phase. 

A preferred exemplified embodiment of the invention will be described hereinafter 
with reference to the accompanying drawings. 

Brief Description of the Drawings 

Fig. 1 is a flow diagram of the individual process steps. 

Fig. 2 is a block diagram of the apparatus used. 

Detailed Description of the Invention 

As set forth in Fig. 1, the mother liquor is firstly isomerized thermally, then 
chromatographed. The remaining 7-dehydrocholesterol (DHC) as well as the tachysterol (T3) 
are removed and recycled to the irradiation batch. Since the photochemical reaction is an 



equilibrium reaction, the recycling of the actual undesired components prevents the renewed 
formation of these, so that the yield is increased. Vitamin D3 can be crystallized from the 
resulting useful fraction (fraction 2). The proportion of the vitamin D3, previtamin D3 (P3) 
and lumisterol (L3) remaining in solution is likewise recycled to the irradiation batch. If 
desired, fraction 2 can be additionally separated by chromatography. 

A chromatographic process gives the following advantages: 

- avoidance of the Diels-Alder reaction, 

- byproduct fractions are recycled into the process, 

- higher yield, and 

- purer product; 

and especially when using SFC (chromatography with supercritical gases): 

- a solvent- free process step, 

- simple separation by pressure release and 

- problem-free circulation of the eluent. 

In principle, the process in accordance with the invention is carried out by combining 
the isomer mixture, already under pressure if desired, with the supercritical or liquid mobile 
phase, applying the whole, optionally followed by more mobile phase, to the chromatography 
column packed with the aforementioned stationary phase and then allowing it to flow through 
(elute). The elution being effected under the chosen temperature and pressure conditions and, 
on the basis of the strong interactions between the stationary phase and the individual 
components of the mixture, these components being separated per unit of time. Being eluted 
in succession from the column, the components dissolved in the mobile phase (eluates) after 
sequentially detection (determined), being collected in receivers, are determined by the 
detection agent and the carbon dioxide being removed from the collected material by 
decompression (volatization) so that finally the resulting separated components or "fractions" 
(inter alia the desired vitamin D3 or previtamin D3) are free from carbon dioxide in the 
individual receivers. If desired, after the elution and exit from column, the eluate can be 
subjected to one or more additional similar chromatographic procedures in order to achieve 
an even better separation of the components. The same applies to any particular fraction 
which does not having the desired purity. 
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Any suitable mixture that contains vitamin D3 or previtamin D3 can be used as the 
mixture of vitamin D3 isomers in the process in accordance with the invention. Thus, for 
example, a synthetic mixture can be used before or after thermal isomerization. 



The isomer mixture containing vitamin D3 and/or previtamin D3 is normally applied 
5 without dilution together with the supercritical or liquid mobile phase to the chromatography 
column packed with the stationary phase used in accordance with the invention, although it 
can previously be dissolved in a suitable solvent, e.g. a lower alkanol, preferably ethanol. 
Preferably, however, the mixture is used without dilution. 

The supercritical carbon dioxide used in the process in accordance with the invention 
10 is in the form of carbon dioxide which is held at a temperature of at least about 31°C and a 

pressure of at least about 7.3 MPa and is neither completely liquid nor completely gaseous but 
is a hybrid of the two physical forms. The liquid carbon dioxide, which is used as an 
alternative in the process in accordance with the invention, has a temperature of less than 
about 31°C and a pressure that lies above about 7.3 MPa. The advantages of using carbon 
15 dioxide are its non-toxicity, non-flammability and easy removal by decompression of the 

collected eluates, without leaving a potentially harmful residue in the separated fractions, e.g., 
vitamin D3 or previtamin D3. Further, very pure carbon dioxide is widely available and 
inexpensive and, if desired, can be used with an organic co-solvent (modifier), e.g., the already 
mentioned ethanol or with other alkanols, e.g., methanol, or alkanes, e.g., n-hexane, or ketones 
20 e.g., acetone, as part of the mobile phase. Since the critical temperature of carbon dioxide is 

not much higher than room temperature and the substances to be obtained in accordance with 
the invention are temperature- sensitive (thermolabile), carbon dioxide is advantageously 
suited as the mobile phase in the process in accordance with the invention. 

The modified silica gel used as the stationary phase in the process in accordance with 
25 the invention is advantageously present in the form of substantially homogeneous, packed, 
non-uniform or preferably spherical particles with a particle size of about 5 to 25 mm. 
ZORBAX and HYPERPREP are examples of commercially available silica gels. The former has 
a specific surface area Sgjrp of 350 m^/g, a pore volume Vp of 0.53 ml/g, a pore diameter D of 
60 - 150 A and a particle size dpso of 10 um, whereas the latter has an SggT of 300 m 2 /g, a Vp 
30 of 0.7 ml/g, a D of 100 A and a particle size dp5Q of 12 um. 
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In order to keep the carbon dioxide used as the mobile phase in the process in 
accordance with the invention in the supercritical or liquid range, certain temperature and 
pressure conditions must be maintained, not only when introducing the carbon dioxide into 
the chromatography column packed with the stationary phase but also during the subsequent 
5 elution. The process is conveniently carried out at in the temperature range from 0°C to about 
100°C and at a pressure of about 7.5 MPa to about 32.0 MPa. Preferably, the temperature 
range is from about 30°C to about 60°C and the respective pressure range is 7.5 to 15.0 MPa. 
The density of carbon dioxide can be adjusted via the pressure and temperature and in the last- 
mentioned temperature and pressure range is from about 170 kg/m^ to about 850 kg/m^. 

10 Not only the temperature conditions and the pressure conditions under which the 

process in accordance with the invention is carried out, but also the choice of the stationary 
phase and the mobile phase, exert an influence on the separation result. In general, a 
temperature increase or pressure reduction moves the various eluted isomers apart in time, 
whereas a pressure increase or temperature reduction draws the eluates together, so that the 

15 optional variation of these parameters can determine the course of the process in accordance 
with the invention per unit time. 

Optional influence of different mixtures of the mobile phase. 

The detection of the components dissolved in carbon dioxide successively eluted on the 
chromatographic column (eluates) is effected in parallel, preferably by a UV detector and a 
20 flame ionization detector (FID). Detection is a way of electronically controlling the 

distribution of the various eluates among the receivers. Such technology is known per se, as is 
the method of removing carbon dioxide (by decompression) from the respective collected 
material. 

The invention is illustrated on the basis of the following Example. 

25 Example 

An apparatus from the Hewlett Packard company (HP G1205A SFC) is used for the 
investigation of the chromatographic production of the components, particularly of vitamin 
D3 or previtamin D3, from an isomer mixture. The apparatus consists of the basic units 
comprising pump, oven with gas phase detector, external detector and automatic sampler. A 

30 flow diagram of the apparatus is shown in Fig. 3. The apparatus is supplied continuously with 
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liquid carbon dioxide. Depending on the chosen pressure and temperature conditions, the 
mobile phase can be operated in the supercritical range (above about 31°C and 7.3 MPa in the 
case of pure CO2) or in the subcritical range. 



5 The apparatus was operated in the "downstream" mode. This operational procedure 

signifies that when packed columns having an internal diameter greater than 1 mm are used 
the column back-pressure in the system is used as a fixed regulator in addition to the flow. 
The feeding of the pump with liquid high-pressure CO2 (P » 35 MPa) is effected via the in- 
house gas network. The pump inlet pressure is reduced to Pi n p U t » 10 MPa using a pressure 

10 reducer. This setting can be varied within certain limits, thereby ensuring that the pump is 
supplied with liquid phase. The delivery and compression up to the required column pre- 
pressure is effected using a piston pump. The pump head has a temperature of 278 K in order 
to dissipate the resulting heat of compression. The analytical column is situated in the oven in 
which the mobile phase is heated to the test temperature. The sample introduction is effected 

15 by a pneumatically controlled four-way Rheodyne valve that is equipped with a 5 ul internal 
loop. The automatic sample deliverer, which is equipped with a 50 jil syringe, fills the internal 
loop with sample solution via the injection port. The sample then travels with the mobile 
phase to the column. Here a separation of the mixture takes place on the basis of differences 
in the strength of interaction between the stationary phase and the individual components of 

20 the sample solution. The components of the mixture (in the ideal case) are eluted successively 
from the column. After the analytical column the stream of eluent undergoes a permanent 
split. This split is achieved by a fixed restrictor which conducts the split stream to the gas phase 
detector, a flame ionization detector (FID). The larger part of the stream of eluent remaining 
after the split passes the a diode array detector (DAD). A SFC decompression unit is 

25 connected after the DAD. 

The chromatograms are recorded with the data system. The tests by analytical SFC 
show successful separation of the vitamin D3 isomers. Separation with CO2 as the eluent 
without a modifier is not possible in this case. On the other hand, excellent results are 
obtained by the addition of small amounts of alcohol to the CO2. A variety of normal phase 
30 materials based on silica are used as the stationary phase. The selectivity between vitamin D3 
and tachysterol, e.g., on a cyano phase, lies at about a » 1.5 (see Figure 2), which is optimal for 
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preparative separation. The nature of the alcohol (methanol, ethanol, iso-propanol) has 
practically no influence. The selectivity increases with simultaneous retention time 
prolongation the smaller the proportion of modifier. The retention time can be shortened to a 
certain extent by increasing the density of the CO2 (or of the mobile phase). 

These and other objects are included within the scope of the claim invention 



Wriax is claimed is: 

A process for the production of vitamin D3 or previtamin D3 from mixtures 
with ©ther components, e.g., dehydrocholesterol, lumisterol and tachysterol, which process 
comprises separating the vitamin D3 or previtamin D3 by column chromatography. 

5 2. A process according to claim 1, wherein carbon dioxide, which is selected from 

the group consisting of supercritical carbon dioxide and liquid carbon dioxide, and a modifier 
are used as the mobile phase. 

3. A process according to claim 1, wherein a silica gel is used as the stationary 

phase. 

10 4. A process according to claim 1, wherein the silica gel is in the form of 

homogeneously packed, spherical particles having a particle size of about 5 to 25 um. 

5. A process according to claim 1, wherein a reaction mixture synthetically 
produced by irradiation is used as a mixture of vitamin D3 isomers. 

6. A process according to claim 1, which is carried out in the temperature range from 
15 about 30°C to about 60°C and in the pressure range from about 7.0 to about 15.0 MPa. 
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Abstract 



A process for the production of vitamin D3 or previtamin D3 from an isomer mixture 
comprises carrying out a separation by column chromatography using supercritical or liquid 
carbon dioxide, optionally with a modifier, as the mobile phase and an optionally modified 
silica gel as the stationary phase. 
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Declaration and Power of Attorney for Patent Application 



As a below named inventor, I hereby declare that: 



My residence, post office address and citizenship are as stated below next to my name, 



I believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and joint inventor (if 
plural names are listed below) of the subject matter which is claimed and for which a patent is sought on the invention 
entitled 

Process for Producing Vitamin D3 and Previtamin D3 

the specification of which 
(check one) 

I X I is attached hereto 

I I was filed on as 
Application Serial No. 



and was amended on 

(if applicable) 



I hereby state that I have reviewed and understand the contents of the above identified specification, including the claims, as 
amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material to the patentability of this application in accordance with 
Title 37, Code of Federal Regulations, § 1.56(a). 

I hereby claim foreign priority benefits under Title 35, United States Code, § 119 of any foreign application(s) for patent or 
inventor's certificate listed below and have also identified below any foreign application for patent or inventor's certificate 
having a filing date before that of the application on which priority is claimed: 



Prior Foreign Appiication(s) Priority Claimed 

S □ 

Yes No 

□ □ 
Yes No 

□ □ 



98111490.3 


Europe 


23 /June/ 1998 


(Number) 


(Country) 


(Day/Month/Year Filed) 


(Number) 


(Country) 


(Day/Month/Year Filed) 



(Country) (Day/Month/Year Filed) 



I hereby claim the benefit under Title 35, United States Code, § 120 of any United States application(s) listed below and, 
insofar as the subject matter of each of the claims of this application is not disclosed in the prior United States application m 
the manner provided by the first paragraph of Title 35, United States Code, § 1 12, 1 acknowledge the duty to disclose material 
information as defined in Title 37, Code of Federal Regulations, § 1.56(a) which occurred between the filing date of the prior 
application and the national or PCT international filing date of this application: 



(Application Serial No.) (Filing Date) (Status) 

(patented, pending, abandoned) 



(Application Serial No.) (Filing Date) (Status) 

(patented, pending, abandoned) 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these statements were made with the knowledge that willful false statements 
and the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful statements may jeopardize the validity of the application or any patent issued thereon. 



POWER OF ATTORNEY: As a named inventor, I hereby appoint the following attorney(s) and/or agent(s) to prosecute this 
application and transact all business in the Patent and Trademark Office connected therewith, (list name and registration 
number) 



George W. Johnston (Reg. No. 28090) Dennis P. Tramaloni (Reg. No. 28542) 

William H. Epstein (Reg. No. 20008) Patricia S. Rocha Tramaioni (Reg, No. 31054) 

Timothy E. Tracy (Reg. No. 39401) Mark E. Waddell (Reg. No. 31803) 

Send Correspondence to: 

Mark E. Waddell, Esq., Bryan Cave LLP , 245 Park Avenue, New York 10167-0034 

•George W. Johnoton, Eng., Hoffmann La Rocho Inc., 340 K i ngoland Street, Nutloy, Now Jorooy 07110 119 8- 

Direct Telephone Calls to: (name and telephone number) 
MarkE. Waddell- (212) 692-1873 



Full name of sole or first inventor 



Monika Johannsen 




Date 

May 25, 1999 



D-21075 Hamburg, Germany 

Citizenship 

German 

Post Office Address 

72 Haakestrasse, D-21075 Hamburg, Germany 



Full name of sole or second inventor 

Inventors signature ~~ Date 

Residence ~ 

Citizenship 

Post Office Address 



(Supply similar information and signature for third and subsequent joint inventors.) 



Full name of sole or third inventor, if any 



Inventors signature 


Date 




Residence 


Citizenship 






Post Office Address 



Title 37, Code of Federal Regulations, §1.56, duty to disclose information material to patentability (m part) provides in P art> 
that each individual associated with the filing and prosecution of a patent application has a duty of candor and good faith m 
dealing with the Office, which includes a duty to disclose to the Office all information known to that individual to be material 
to patentability as defined in this section. The duty to disclose information exists with respect to each pending claim until the 
claim is cancelled or withdrawn from consideration, or the application becomes abandoned. 

Under this section, information is material to patentability when it is not cumulative to information already of record or 
being made of record in the application, and 

(1) It establishes, by itself or in combination with other information, a prima facie case of unpatentability of a 
claim: or 

(2) It refutes, or is inconsistent with, a position the applicant takes in: 

(i) Opposing an argument of unpatentability relied on by the Office, or 

(ii) Asserting an argument of patentability. 



